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Abstract 

Background:  Upper limb (UL) disabilities have attracted worldwide attention due to the high economic costs of 
health care and the negative effects on the quality of life of patients with these disabilities. Telerehabilitation tech-
nologies are one of the most important ways to reduce rehabilitation costs and increase the quality of life of patients. 
Therefore, the aim of this study was to investigate the role of telerehabilitation in improving the health status of 
patients with upper limb disabilities.

Methods:  This scoping review was conducted by searching the Web of Science, PubMed, and Scopus until July 30, 
2021. We used a data extraction form with 18 fields to extract data from primary studies. The selection of articles and 
data extraction was made by four researchers using a data collection form based on inclusion and exclusion criteria. 
Disagreements were resolved through consultation with the fifth and sixth researchers.Inclusion criteria were studies 
published in English, studies on upper limb disability, and telerehabilitation based on any technology (synchronous 
telerehabilitation, asynchronous, or both). Exclusion criteria were articles that did not focus on telerehabilitation and 
upper limb disabilities. Also, books, book chapters, letters to the editor, and conference abstracts were also removed.

Results:  A total of 458 articles were retrieved, and after removing irrelevant and duplicate articles, 29 articles were 
finally included in this review. Most telerehabilitation was performed for patients with stroke (65%). Among the 15 
different services provided with telerehabilitation technologies, "Evaluation of exercises and also a musculoskeletal 
function of patients by the therapist","Recording of patients’ rehabilitation exercises and sending them to the thera-
pist” and "Prescribing new rehabilitation exercises by the therapist" were the most widely used services, respectively. 
Virtual reality technologies, smart wearables, and robots were used to provide telerehabilitation services. Among the 
13 types of evaluation used for telerehabilitation systems, “Evaluation and measurement of upper limb function” was 
the most used evaluation in the studies. "Improvement in musculoskeletal functions”, "Increasing patients’ interest 
and motivation to perform rehabilitation exercises", and "Increasing adherence to rehabilitation exercises and greater 
participation in treatment processes" were the most important outcomes, respectively.
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Background
Upper limb (UL) disability is a common health prob-
lem in the general population [1]. Upper limb disabili-
ties have attracted worldwide attention due to the high 
economic costs of their health care and negative effects 
on the individuals’ quality of life [1]. Patients with these 
disabilities, on the other hand, have a shorter period 
of illness and are discharged from hospitals sooner 
than in the past. This is mainly due to the time limits 
and economic considerations that health organizations 
are facing. However, many of these patients still need 
rehabilitation services to fully recover from the disease. 
In addition, such services are often costly and patients 
sometimes have to make several travels to a rehabilita-
tion center during the treatment process [2].

Technology advancements have enabled new approaches 
to rehabilitate upper limb disabilities. Internet access and 
video conferencing have grown in popularity over the 
last decade, allowing for remote training for people with 
upper limb disabilities [3]. Telerehabilitation, as an emerg-
ing field of telemedicine, is defined as a set of tools, proce-
dures, and protocols for providing rehabilitative processes 
remotely [4]. Telerehabilitation has the potential to provide 
rehabilitation services that go beyond conventional treat-
ment and address the current functional needs of patients 
with chronic upper extremity injuries [3]. The technology 
improves service quality by monitoring patients on-site, 
mainly in communities far from urban centers. This tech-
nology is also expected to improve the cost-effectiveness of 
interventions [5]. Previous systematic studies evaluated the 
feasibility, effectiveness, and cost issues of telerehabilita-
tion for individuals with a variety of health conditions. The 
results of these studies showed that remote rehabilitation is 
an effective alternative to face-to-face interventions [6, 7].

To our knowledge, no comprehensive review has been 
published on the telerehabilitation of upper limb dis-
abilities as yet. As a result, the purpose of this scoping 
review is to identify the functions and outcomes of teler-
ehabilitation intervention in the recovery of upper limb 
functions. In addition, we identified various evaluation 
methods for telerehabilitation systems in this study.

Material and methods
The current study is a scoping review on the functions 
and outcomes of telerehabilitation in the improvement of 
upper limb disabilities. Scoping reviews are an effective 

and useful method for determining the scope or coverage 
of a body of literature on a specific topic, as well as pro-
viding a clear indication of the volume of literature and 
studies available, and an overview (broad or detailed) of 
its focus [8]. It should be noted that we used the PRISMA 
scoping reviews checklist for selecting studies and 
reporting the results [9].

Information sources and search strategy
To find articles about telerehabilitation for upper limb 
disabilities, three databases were searched: PubMed, Web 
of Science, and Scopus until January 3, 2022. The key-
words upper limb disability and telerehabilitation were 
used to conduct the search process. The search strategy 
was developed by three researchers (KB, AH, and ASH) 
and finally approved by KHM and ASH. The keywords 
and search strategies used in each database are listed in 
Additional file 1: Appendix A. In January 2022, the search 
was carried out across all three databases. Furthermore, 
we did not impose any restrictions on the database 
search’s starting point. It should be noted that in order 
to access articles that we did not have full-text access to, 
we emailed the corresponding author and requested that 
they send them to us.

Eligibility criteria
In this study, articles focusing on telerehabilitation and 
upper limb disability were included. Inclusion criteria 
included articles published in English, research on upper 
limb disability due to any disease or injury, telerehabilita-
tion based on any technology (robotics, smart wearables, 
and virtual reality), and synchronous telerehabilitation 
(real-time or live video) and asynchronous (stored-and-
forward). Exclusion criteria also included articles that did 
not focus on telerehabilitation and upper limb disabili-
ties. Books, book chapters, letters to the editor, and con-
ference abstracts were also removed.

Selection of sources of evidence
First, abstracts of all retrieved articles were entered into 
EndNote software and duplicate articles were excluded 
by KHM. Then, according to the inclusion and exclu-
sion criteria, title and abstract of the articles, related 
studies were selected by AH, MGH, and MSH. All valid 
articles included in the study were reviewed by KB and 

Conclusion:  Our findings indicate that telerehabilitation provides individuals with equitable access to rehabilita-
tion services, improves musculoskeletal function, and empowers individuals by providing a variety of rehabilitation 
capabilities.

Keywords:  Telerehabilitation, Rehabilitation, Upper limb, Disabilities, Telemedicine, Digital health
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KHM (authors reviewed an article together) and finally 
approved by ASH. In case of disagreement, the final 
decision on each article would be decided by discussion 
between the authors. After the final approval of the arti-
cles, their full texts were reviewed by KHM and ASH to 
extract the required data.

Data charting process and data items
We used a data extraction form to extract data from pri-
mary studies. The validity of this form was confirmed by 
two medical informatics and health information man-
agement specialists. Data extraction form includes fields 
such as country, publication year, the purpose of study, 
disease leading to upper limb disability, upper limb part 
involved in the disability (Table  1 and more details in 
Additional file 1: appendix B), functions and services of 
telerehabilitation, services provided with telerehabili-
tation systems (Table  2 and more details in Additional 
file 1: appendix B), hardware equipment used in provid-
ing telerehabilitation services (Additional file 1: appendix 
B), assistive technologies to provide telerehabilitation 
services, types of services (synchronous and asynchro-
nous, synchronous or asynchronous) (Table 3 and more 
details in Additional file 1: appendix B), equipment used 
to build the robot, use of smart wearables devices type 
of smart wearable devices, equipment used to make the 
smart wearable devices (Additional file  1: appendix B), 
duration of use of the telerehabilitation systems (Addi-
tional file 1: appendix C), evaluation and type of evalua-
tion, samples size ( Table 4 and more details in Additional 
file  1: appendix C), outcomes and results ( Table  5 and 
more details in Additional file 1: appendix C).

Data collation process
After the final approval of the articles in the previous 
steps, in order to extract the required information, their 
full text was read separately by KB, KHM, and ASH. 
Necessary information was extracted from the arti-
cles and recorded in the above-mentioned data extrac-
tion form (KB, KHM and ASH). Then, the information 
extracted from the articles was re-examined separately 
by MGH and MSH and confirmed by AH. When there 
was disagreement about the information extracted, the 
members of the research team met to make a final deci-
sion. It should be noted that for articles with missing 
information, we emailed the corresponding author and 
asked them to send us the missing information. Finally, 
the extracted information was entered into an Excel 
spreadsheet.

Synthesis of results
After entering the extracted data into an Excel file, we 
qualitatively classified the various telerehabilitation 

applications in patients with upper limb disabilities and 
reported their results and frequency. To synthesize data, 
the authors used the advancement scoping method recom-
mended by Levac et  al. [10]. One author (KHM) refined 
the data (e.g., spell check, cell formatting) to ensure that 
Excel performed procedures, calculations, and analyses 
correctly and adequately (e.g., making axis tables, and 
charts). Because scoping reviews do not seek to summa-
rize or weigh evidence from various studies [10, 11], only 
descriptive analyses (e.g., frequencies, percentages) were 
performed on the extracted data to describe the findings 
of the included studies [12]. The descriptive data and find-
ings from the included articles were organized into tables 
and figures based on themes to provide the review’s find-
ings, which guided the study objectives (by KB, KHM, and 
ASH). If the authors disagreed, the final decision on each 
figure or table was reached through discussion.

Ethical considerations
The protocol of this study was approved by the ethical 
committee of Kerman University of Medical Sciences 
(IR.KMU.REC.1400.606).

Results
Selection of sources of evidence
In total, 458 articles were retrieved. After removing 
duplicates, the remaining 387 studies were carefully 
reviewed and assessed based on inclusion and exclusion 
criteria. Finally, 29 articles were included in the study. 
The results of the search and study selection are pre-
sented in Fig. 1.

Characteristics of the included studies
An overview of selected studies is presented in Table 1.

As shown in Fig.  2, telerehabilitation technologies are 
used to rehabilitate upper limb disabilities since 2002. 
Most articles were published in 2014 [25–27], 2016 [30–
32] and 2019 [37–39](n = 3). No studies were published 
in 2003 or 2008. (More details in Table 1).

The majority of studies were conducted in the United 
States (n = 12, 41%) [3, 13–16, 18, 21, 22, 26, 29, 37, 
40]. Also, 6.88% of studies were carried out in Australia 
(n = 2) [23, 33]. South Korea, China, Taiwan, and Japan 
are the only Asian countries to conduct telerehabilitation 
studies for upper limb disabilities limb (see Table  1 for 
more details).

As shown in Fig. 3, telerehabilitation was performed for 
eight categories of diseases or complications leading to 
upper limb disabilities. Most telerehabilitation was per-
formed for patients with stroke (n = 19 (65%) [3, 13–22, 
24, 28, 31, 32, 36, 38–40]. The frequencies and percent-
ages of other diseases are shown in Fig. 3.
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Functions and services of telerehabilitation
A total of 15 different functions and services were 
identified for telerehabilitation systems. "Evaluation 
of exercises and also a musculoskeletal function of 
the patient by the therapist” (n = 19), "Recording of 
patients’ rehabilitation exercises and sending them 
to the therapist" (n = 16), and "Prescribing new reha-
bilitation exercises by the therapist "(n = 16) were the 
most widely used functions and services of telerehabil-
itation systems for rehabilitation of upper limb disabil-
ities, respectively. (Table 2, more details in Additional 
file 1: Appendix B).

Methods of providing telerehabilitation services 
and exercises
According to Table 3, virtual reality technologies, smart 
wearable devices, and robots were used to provide teler-
ehabilitation services. Virtual reality was the most widely 
used technology. Different types of rehabilitation services 
were provided to patients in three forms: synchronous, 
asynchronous, and a combination of synchronous and 
asynchronous. Combined synchronous and asynchro-
nous services were the most common type of services. 
(More details in Additional file 1: Appendix B).

Evaluations in telerehabilitation systems for upper limb 
disabilities
The number of participants in the evaluation of teler-
ehabilitation systems varied from one to 85 people. 
Also, the minimum and maximum duration of the eval-
uation processes were 20  min [37] to 14  months [22], 
respectively. According to Table  4, thirteen different 
types of evaluations were performed for telerehabili-
tation systems in upper limb rehabilitation. “Evalua-
tion and measurement of upper limb function” was the 
most common type of evaluation (n = 21). “Fugl-Meyer 
Upper Extremity score (FMA-UE)” was the most widely 
used evaluation method in the measurement of upper 
limb function (n = 9). Evaluation of “Range and motor 
skills and functional strength of the hand” was in the 
next rank (n = 7). As shown in Table 4, 8 different eval-
uation methods were used. After "Range and motor 
skills and functional strength of the hand", “Lab-based 
clinical and kinematic “ and “Patient satisfaction” were 
the most used evaluation methods (n = 5). Question-
naires and interviews were used to assess patient sat-
isfaction. Questionnaire (n = 3) was used more than 
interview (n = 1). (More details in Additional file  1: 
Appendix C).

Fig. 1  Study selection process
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Outcomes of using telerehabilitation systems for upper 
limb disabilities
The most important outcomes of using telerehabilitation 
systems were, in order, "improvement in musculoskel-
etal functions," “increasing patients’ interest and motiva-
tion to perform rehabilitation exercises", and "increasing 
adherence to rehabilitation exercises and greater partici-
pation in treatment processes." Table 5 shows the other 
outcomes. (More information can be found in Additional 
file 1: Appendix C.)

It should be noted that “Increasing the total exercise 
time" was the only negative outcome reported in one of 
the 29 studies included in our study [16].

Discussion
The functions and outcomes of telerehabilitation technol-
ogy for the upper limbs were investigated in this study. In 
addition, in this study, we identified different methods for 
evaluating telerehabilitation. "Evaluation of exercises and 
musculoskeletal function of the patient by the therapist" 
was the most widely used function/service provided by 
telerehabilitation. Three technologies of virtual reality, 
smart wearables, and robots were used to provide teler-
ehabilitation services. Among the 13 different evaluations 
of telerehabilitation systems, "Evaluation and measure-
ment of upper limb function" was the most widely used. 
Researchers reported a variety of outcomes of telereha-
bilitation systems for upper limb disabilities. These out-
comes are described below.

•	 Improvement in musculoskeletal functions

One of the most important findings of the studies 
reviewed in this study was improving musculoskeletal 
functions through telerehabilitation. When compared 
to usual and traditional care, these findings highlight 
the potential for telerehabilitation to be an alternative 
model of care. As a result, while telerehabilitation may 
not be superior to traditional models of care, it may 
provide additional benefits in clinical settings (such as 
increased access to health care for patients and improved 
efficiency for health professionals). However, to increase 
the effectiveness of telerehabilitation in improving mus-
culoskeletal functions, a person-centered approach to 
treatment should be employed to encourage greater 
participation in exercise [41]. Different studies [42, 43] 
suggest that patients prefer individualized, supervised 

Fig. 2  Distribution of the studies in terms of publication year

Fig. 3  The distribution of the studies based on diseases and injuries leading to upper limb disabilities
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exercise programs with a therapist’s opinion. In addi-
tion to web-based software, the development of mobile-
based telerehabilitation applications can provide patients 
with personalized and supervised exercise programs and 
input from therapists [44]. There is evidence that using 
mobile apps with therapist input, particularly the abil-
ity to set and monitor the quality of exercise completion 
[33], leads to higher adherence rates and thus improves 

musculoskeletal functions than traditional paper hand-
outs. This success could be attributed to a variety of fac-
tors, including the ability of applications to send alerts, 
motivating messages, or reminders. Furthermore, 
patients may prefer to access their home exercise pro-
grams (HEPs) via a mobile phone or another portable 
device rather than a paper handout [33]. Patients’ adher-
ence, on the other hand, maybe positively affected if they 

Table 2  Overview of the functions and services of telerehabilitation presented in the studies

Functions and services of telerehabilitation References Frequency of telerehabilitation 
functions based on the number of 
references

Evaluation of exercises and musculoskeletal function of the 
patient by the therapist synchronously and asynchronously 
(Retrieval of the patient’s recorded treatment exercises by the 
therapist)

 [13, 15–24, 26, 31, 32, 35–37, 39, 40] 19

Recording of patients’ rehabilitation exercises and sending them 
to the therapist

 [13–16, 18, 19, 22, 24–26, 30–33, 39, 40] 16

Prescribing new rehabilitation exercises by the therapist  [14, 15, 18–22, 24, 26, 29, 31–33, 36, 39, 40] 16

Real-time face-to-face communication between patients and 
therapists

 [13, 15, 17, 23, 27–30, 32, 37, 40] 11

Providing the educational information to patients in text, video 
and audio formats to do rehabilitation exercises

 [3, 14, 21, 25, 32, 34, 38] 7

Providing the progress charts to the patient and therapist  [14, 18–20, 40] 5

Providing the motivational text and voice messages (such as 
encouragement or applause) to encourage the patient to per-
form rehabilitation exercises

 [14, 31, 33, 34, 38] 5

Set rehabilitation games and exercises by the therapist based on 
the patient’s ability and performance

 [34–36] 3

Ability to select rehabilitation exercises or games by the patient 
based on the level of disability or injury

 [31, 36, 39] 3

Determine range of motion, speed, duration, number of repeti-
tions, scoring and feedback for each rehabilitation exercise

 [25, 31] 2

Patient access to history of rehabilitation exercises  [32] 1

Automatic alert to patients to perform compensatory move-
ments

 [38] 1

Show the number of correct movements to the patient  [38] 1

3D display of images of the UL  [31] 1

Recording and reporting of rehabilitation exercises performed by 
the patient

 [40] 1

Table 3  Assistive technologies to provide telerehabilitation services and types of telerehabilitation services

Assistive technologies to provide telerehabilitation services 
and type of telerehabilitation services

References Frequency of assistive technologies and 
type of telerehabilitation service based on 
the number of references

Assistive technologies to provide teler-
ehabilitation services

Virtual reality  [3, 15, 16, 19–24, 28, 31–36, 38–40] 19

Smart wearables  [13, 21, 22, 28, 39] 5

Robots  [32] 1

Types of telerehabilitation service Synchronous and 
asynchronous

 [15, 16, 19–22, 26, 31, 33, 36, 38–40] 13

Synchronous  [3, 13, 17, 23, 24, 27–30, 32, 33, 37] 12

Asynchronous  [14, 18, 19, 25, 31, 34, 35] 7
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are aware that their therapist can remotely monitor and 
provide feedback via an application [45].

In a systematic review, Sarfo et  al., [46] concluded that 
telerehabilitation interventions significantly improved 
motor deficits, higher cortical dysfunction, and people 
with upper limb. However, Some studies have reported 
that telerehabilitation systems may not improve upper limb 
mobility and function in the short term, and the long-term 
effectiveness of these systems may be apparent to patients 
[19]. Long-term maintenance of motor gains or improve-
ment in musculoskeletal functions includes continued 
adherence to exercises (after the end of telerehabilitation) 
and maintaining motivation in the absence of external fac-
tors (e.g., clinician encouragement) [47]. Musculoskeletal 
functions and upper limb range of motion can be improved 
in these systems by incorporating games and virtual reality 
technology [38]. By controlling movement, increasing the 
number of repetitions of exercises, and motivating patients, 
video games can improve musculoskeletal function and 
range of motion [38]. According to these studies, it can be 
said that the therapeutic effects of these systems are not 
less than traditional systems, but the effectiveness of these 
telerehabilitation systems may not be apparent in the short 
term. On the other hand, with the use of video games based 
on virtual reality technologies and mobile-based applica-
tions, the therapeutic effects of these systems will increase.

•	 Increased patients’ interest and motivation to per-
form rehabilitation exercises

Other findings of our study showed that telerehabili-
tation will increase patients’ interest and motivation to 
perform therapeutic exercises. Aguilera-Rubio et  al. [48] 
demonstrated that motivation has an effect on motor 
and functional outcomes in people with orthopedic 

and neurological disorders. Some of studies [49] show 
that a lack of motivation is a barrier to physical activity 
and training following a disability. Sucar et  al. [19], also 
reviewed the Gesture Therapy (GT) telerehabilitation sys-
tem versus traditional rehabilitation. They concluded that 
there was a greater motivation and dependence on treat-
ment for patients using GT. They also noted that motiva-
tion and long-term rehabilitation exercises are key factors 
in improving upper limb function. Low levels of motiva-
tion have a negative effect on the type and extent of use 
of rehabilitation exercises [19]. Therefore, motivation 
factors should be considered in rehabilitation services 
[40]. Video game exercises are one of the most important 
reasons for strengthening and motivating participants to 
do rehabilitation exercises [38, 40]. Visual feedback pro-
vided through games increases the patients’ awareness of 
their progress and increases their motivation and their 
continuity in treatment. In addition, visual biofeedback 
(for example, tools like Kinect) promotes higher levels of 
active participation [38]. Patients who use virtual envi-
ronment video games are more motivated, rely more on 
rehabilitative exercises [50, 51], enjoy treatment more, 
work harder to heal themselves, and ultimately have bet-
ter upper limb function [19, 52]. Some studies [48, 53] 
have also shown that VR-based games can provide effec-
tive sensory feedback and place subjects in a virtual envi-
ronment to watch their body’s movements. On the other 
hand, the virtual and gaming environment should be 
designed in such a way that the patient has a sense of pres-
ence in a real environment. Considering other elements 
such as the background, avatar design, and the scene’s 
realism are very important in designing virtual reality and 
game environments [47]. Personalization of rehabilitation 
programs and games by actively involving the patient in 
setting rehabilitation goals may thus directly increase the 

Table 5  Outcomes of using telerehabilitation systems

Outcomes References Outcomes frequency 
based on the number of 
references

Improvement in musculoskeletal functions (Musculoskeletal strength, sensation, 
perception, flexibility and range of motion)

 [3, 13, 15–17, 19–26, 28, 31–38, 40] 23

Increasing patients’ interest and motivation to perform rehabilitation exercises  [3, 16, 19, 20, 23, 24, 31, 34, 38, 40] 10

Increasing adherence to rehabilitation exercises and more participation in treat-
ment processes

 [17, 18, 25, 29, 31, 33, 40] 7

Improved user satisfaction  [3, 13, 18, 27, 33, 34] 6

No adverse effect on patients  [28, 31, 38, 40] 4

Telerehabilitation systems feasibility for remote monitoring and control of patients  [14, 18, 40] 3

Reduced or relieved pain  [19, 27, 29] 3

Reliability of telerehabilitation systems  [24, 32, 37] 3

Improved quality of life  [17, 35] 2
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patient’s sense of independence and in turn, their motiva-
tion, as suggested by Jansson et al. [54].

•	 Increased adherence to rehabilitation exercises and 
greater participation in treatment processes

Of the 29 studies, seven studies showed that telereha-
bilitation increased adherence to rehabilitation exercises 
and increased patient participation in their treatment 
processes. The results of the study by Lambert et  al. 
[33] showed that participants who received their reha-
bilitation exercises through telerehabilitation were more 
adherent to treatment and their performances were 
improved more than participants who received paper 
handouts. Cramer et al., [55] also examined the effective-
ness of home-based telerehabilitation versus traditional 
in-clinic for adults with stroke. The patients in the teler-
ehabilitation group had 35.4 (98.3%) of the 36 assigned 
treatments, and the patients in the clinical group had 
33.6 (93.3%) of the 36 assigned treatments. At the same 
time, poor adherence to home exercise programs and 
treatment plans may affect treatment outcomes and 
symptom recurrence [56]. Non-adherence to a home 
exercise program may be due to patient-related reasons, 
including pain, lack of motivation, poor self-efficacy, lim-
ited exercise experience, and reduced social support. Fur-
thermore, patients may not immediately recognize the 
benefits of a home exercise program [33]. Some authors 
[57, 58] have suggested that adherence to a home exercise 
program could be enhanced if therapists increase face-
to-face time with patients, but this is costly and rarely 
feasible given limited resources. Therefore, the other 
effective factors in increasing adherence should be better 
understood and strategies should be provided to stimu-
late long-run exercises. Palazzo et al., [56] presented the 
physical exercise program (number, power, complexity, 
and weight of exercising), health care trip (breakdown 
between monitored meetings and home practice, lack of 
follow-up, and problems contacting care providers), dis-
eased person representations (unwellness and represen-
tation of exercise, discouragement, natural depression, 
and lack of motivation), and the environment (attitudes 
of others, exercise planning problem) as the most impor-
tant barriers to adherence to rehabilitation exercises that 
must be considered when designing and implementing 
telerehabilitation systems. Apart from environmental 
and exercise-related factors, various aspects of technol-
ogy will also affect adherence to treatment and rehabili-
tation exercises. Qiu et al. [40] believe that adherence to 
rehabilitation provided through technology has a com-
plex structure because technical problems can be a major 
obstacle to increase adherence. Therefore, in design-
ing technology, factors related to clinical-demographic 

characteristics of patients such as age, housing state, and 
level of computer expertise or degree of damage should 
be considered. In addition, an algorithm program oper-
ating in the background can dynamically change the dif-
ficulty level of games based on people’s performance to 
limit frustration and increase their motivation [40]. Also, 
adherence to treatment processes can be increased if the 
system is easy for patients to use and has an attractive 
user interface [59]. Dodakian and et al. [59], believed that 
the best rehabilitation-treatment program is of little help 
to patients if they do not adhere to it, so telerehabilita-
tion programs were designed to increase compliance. A 
key feature of this is the use of virtual reality gaming to 
drive therapy, a known way of maximizing desirability 
and accessibility and promoting patient engagement.

•	 Improved user satisfaction

In this review, we observed that telerehabilitation can 
improve user satisfaction. In the study by Lambert et al. 
[33], approximately 90% of the people in the interven-
tion group (who received their rehabilitation exercises 
through the website) expressed their satisfaction with 
healthcare service-support and healthcare service-deliv-
ery of more than 95%. In addition, a number of studies 
[60–62] found that telerehabilitation services are useful 
and effective both for children and adults with disabili-
ties, and therapists have also reported high levels of sat-
isfaction and acceptance of telerehabilitation services. 
Based on the findings of these studies and the study of 
Tousignant et al., [63] it can be said that satisfaction is an 
important indicator of the degree of efficiency and effec-
tiveness, and its high level increases patient motivation 
and improves compliance with treatment. Satisfaction 
conceptualization defines both one’s legitimate expecta-
tion of having demands met and one’s perception of the 
actual experience [64]. Dislike some disagreements [65, 
66], satisfaction is often used as one of the important fac-
tors in healthcare quality, as it can both influence adher-
ence to treatment plans and improve clinical outcomes 
[67]. However, the concept of satisfaction is complex and 
is related to different aspects of healthcare such as acces-
sibility of resources, qualification of healthcare profes-
sionals, the patient-therapist relationship, and the overall 
care organization [64].

Moreover, we believe that patient satisfaction with 
a health technology will not be easy; for high satis-
faction, a number of factors must always be consid-
ered. Patients’trust in telerehabilitation, quality of the 
patient-therapist relationship, quality of rehabilitation 
sessions, quality and performance of the technological 
platform, and user-friendliness of equipment are among 
the factors that can affect patients’ satisfaction with 
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telerehabilitation systems [63, 68]. Reducing disconnec-
tion problems, ease of use of telerehabilitation, absence 
of adverse events, adequacy of audio/video quality, and 
increased adherence to exercise training can also have a 
significant impact on improving patient satisfaction [69]. 
If the patient’s satisfaction with a system such as teler-
ehabilitation systems increases, its continuity and use 
increases, and the patient’s’ adherence to treatment pro-
cesses and rehabilitation exercises will increase, result-
ing in the development of the system and its acceptance 
by users will be easy. Therefore, patient satisfaction with 
the designed systems should always be considered a basic 
principle of system development processes.

•	 No adverse effects on patients

The studies examined also pointed out that telereha-
bilitation systems have no negative effect on patients. Qiu 
et al. [40] used the Virtual Rehabilitation System (HoVRS) 
to rehabilitate 15 patients with stroke. The results of this 
study showed that after 13.5 h of using the system, all 15 
patients completed the rehabilitation process without any 
side effects. Results of a systematic review by Vieira et al. 
[70] showed that telerehabilitation improved functional 
capacity, performance, and physical factors of quality 
of life, and indeed significantly reduced side effects. In 
some other studies, Kinect2Scratch game-based train-
ing and therapist-based training were compared [38]. The 
results indicated that Kinect2Scratch game-based train-
ing did not cause any serious side effects for patients with 
upper extremity disabilities. Also, none of the patients 
needed further treatment [38]. Although in our study, 
studies reported no exercise-related adverse events in the 
telerehabilitation groups, other studies reported similar 
adverse events in the telerehabilitation system. Adverse 
events in a minority of participants included new-onset 
arrhythmias (including supraventricular contractions, 
atrial fibrillation, and premature ventricular contrac-
tions), hypertension, angina [71, 72], and worsening of 
chronic obstructive pulmonary disease (COPD) [73]. 
This may indicate that more monitoring is used at home 
than exercise. On the other hand, patients who experi-
ence side effects, in addition to their reluctance to use the 
technology, discontinue treatment or receive lower doses, 
both of which lead to an increase in the overall treatment 
dose [74]. Therefore, telerehabilitation systems should 
be designed in such a way that they can minimize side 
effects for patients and ensure the absence of side effects 
for patients before using the system so that they can use 
these systems safely.

•	 Telerehabilitation systems  feasibility  for remote 
monitoring and control of patients

According to the findings of the studies, we found that 
the use of telerehabilitation systems for remote monitor-
ing and control of patients with upper limb disabilities is 
feasible. Some studies [55, 59] have suggested that teler-
ehabilitation for patients with stroke and upper limb dis-
abilities are feasible and as effective as in-person therapy. 
Reinkensmeyer et al. [14] analyzed data from home-based 
use related to a stroke patient. The results of this analysis 
demonstrate that it is possible, useful, and effective to use 
the system to direct a medical care platform, mechanically 
assist movement, and track progress in movement power. 
This is while evidence demonstrates that the feasibility 
of telerehabilitation systems is not easy; Factors such as 
costs associated with purchasing, maintaining and insur-
ing hardware, as well as logistics related to equipment 
provision, monitoring, and return, can affect the viability 
of a telerehabilitation system [75]. Computer training is 
another factor that can affect the feasibility of telereha-
bilitation systems [75]. Evidence indicates that computer 
training can significantly reduce computer anxiety while 
also increasing computer interest and performance in 
older adults [76]. This means that providing education and 
training to patients on relevant technologies can increase 
the use of telerehabilitation systems. In addition, access 
to computers at home and the age of individuals are both 
strongly related to individuals’ feelings about the accept-
ance and feasibility of technology and telerehabilitation 
[75]. Access to a computer at home seems to be one of 
the strongest predictors of feasibility and acceptance. The 
study by Nelson et al. [75] showed that patients with access 
to computers were more interested in exercising learn-
ing, more confident in the technology, less likely to avoid 
technology, and more likely to engage and feel safe and 
secure in telerehabilitation system. Furthermore, this study 
showed that patients over the age of 65 were less likely to 
use a telerehabilitation system compared to patients under 
the age of 66 [75]. Their reluctance to use telerehabilita-
tion systems is more likely because they are more worried, 
concerned, and less confident than their younger peers. As 
a result, in order for telerehabilitation systems to be feasi-
ble, this age group should not be excluded from considera-
tion. To maximize the uptake of telerehabilitation systems, 
healthcare providers looking to implement telerehabilita-
tion and the designers of these systems should consider 
patients’ age, access to technology at home, training and 
education requirements, and technology preferences.

•	 Reduced or relieved pain

In our review, some studies showed that telerehabili-
tation had an effect on reducing or relieving pain. The 
results of the study by Van Straaten et  al [29] showed 
that after using the telerehabilitation system, the pain 
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of patients decreased, the function of different parts of 
their upper limbs improved and the isometric power 
evaluation of the anterior serratus and scapular retrac-
tors increased. In the study by Tousignant et al. [27], the 
pain was assessed using the SF-MPQ test. The results of 
this study showed that the pain diminished essentially 
between face-to-face evaluations before (T1) and imme-
diately after (T2) as demonstrated by the SF-MPQ score 
and the VAS. The illustrated pain reduction was more 
noteworthy than the negligible clinically significant con-
trast. In the study of Sucar et al. [19], the effect of using 
telerehabilitation and conventional occupational ther-
apy systems in reducing pressure and pain was reported 
to be equal. In other studies [77, 78], aggressive reha-
bilitation programs have been shown to improve joint 
function and reduce pain, increase strength, walking 
speed, and self-efficacy, and reduce the risk of other 
chronic conditions. Both home-based exercise and aer-
obic walking reduce pain and disability [79].

But what is important is that we know that the pain 
does not reduce or alleviate itself by using telerehabili-
tation systems and that a number of indicators along-
side these systems must always be considered. Osteras 
et  al., [80] believed that high-repetition doses reduced 
pain more than lower doses. As a result, when consid-
ering the dose aspect of the dose-response relationship 
for telerehabilitation, we must consider items such as 
"number and duration of repetitions in one set," "num-
ber and duration of sets of an exercise," "number and 
duration of exercises in one treatment," "number and 
duration of treatments during a week (s)," and "total 
number and duration of treatments" [80]. While all of 
these indicators affect patients’ treatment preferences, 
therapist contact mode proved a key driver of preference 
for chronic pain rehabilitation, with patients who have a 
high preference for face-to-face contact with some ther-
apists. Treatment scenarios that include some remote 
therapist video communication are usually preferred 
over scenarios that only include remote video commu-
nication. This decision could be influenced by the psy-
chosocial nature of chronic pain treatment [81]. In the 
treatment of chronic pain especially, patient-therapist 
communication plays an important role, as pain should 
be defined as a subjective phenomenon in the discussion 
and both empathy and emotional support are considered 
necessary [82]. Although touch is not essential to con-
vey empathy and create a therapeutic bond per se [83], a 
qualitative study in patients with chronic pain has shown 
that some patients associated remote patient-therapist 
counseling with a loss of personal attention [84]. There-
fore, it seems that in order to allow patients to recover 
faster and increase their satisfaction and use of teler-
ehabilitation systems, the two rules of patient-therapist 

communication and empathy and emotional support 
should always be considered in these systems.

•	 Reliability of telerehabilitation systems

According to our other findings, some of the included 
studies proved the reliability of telerehabilitation in the 
treatment of patients. By conducting a series of clinical 
trials on three patients with upper limb disability, Song 
et al. [32] demonstrated the efficiency and good reliabil-
ity of telerehabilitation techniques in movement therapy 
at home or in nursing homes. movement Also, this tech-
nology is able to improve the efficiency of rehabilitation 
training and solve the problems of lack of therapists [32]. 
Furthermore, Sampson et al. [24] assessed the BUiLT + 
VR system on hemiparesis patients with upper limb dis-
ability and discovered that treatment with this system 
was reliable and could be safely prescribed. The system 
can also measure isometric power, FMA-UE, and IMI 
through its positive trend. A prerequisite for reliability 
is that we evaluate a system to ensure that it performs 
its intended function over a period of runtime without 
any failure [85]. Some studies have shown that telere-
habilitation-based intervention is somewhat related to 
concurrent validity and reliability of the outcome stand-
ards. So, evaluating and making the concurrent validity 
and reliability of outcome standards via telerehabilita-
tion prior to adoption in the scheduled clinical practice 
has been considered imperative [86].On the other hand, 
to maximize reliability, we must minimize the faults of 
the systems. Although the definition of failure is differ-
ent for different systems and different states, a failure is 
always a part of the system that exists and can be elimi-
nated by correcting the wrong part of the system [87]. 
Reliability is defined as failure-free operation over time. 
This definition in health care is linked to several of the 
IOM’s goals for the healthcare system, including "effec-
tiveness (where the failure can result from not applying 
evidence)," "timeliness (where the failure results from 
not taking action in the required time")," and "patient-
centeredness (where failure results from not complying 
with patients’ values and preferences)" [88]. Therefore, 
before a rehabilitation system is provided to patients, its 
reliability must be ensured from different dimensions, 
leading problems must be prevented, and various rea-
sons or factors that may affect reliability must be consid-
ered at all times. The major factors that affect reliability 
are improper maintenance or installation, operating sta-
tuses including the working environment, the opera-
tors’ effects, the operative duty referring to the ranges 
of operating stress imposed, the education of the staff 
involved in use and maintenance, and a lack of adequate 
supervision [89].
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•	 Improved quality of life

Other findings of our study showed that telerehabilita-
tion could improve the quality of life of patients with upper 
limb. These findings approve the results of two single-
center studies [90, 91], which showed that telerehabilita-
tion significantly improved overall quality of life indices. 
The results of the study by Cikajlo et al. [35] indicated that 
telerehabilitation both improved UL function in people 
with Parkinson’s disease and improved the quality of life of 
these patients. Some studies have also shown that short-
term improvements in motor function (BBT, UPDRS III) 
and daily activities lead to improved cognitive function 
and quality of life in participants with PD without changes 
in diet, medication, or lifestyle. After analyzing the data 
obtained from the Stroke Impact Scale (SIS) questionnaire 
and patient interviews in the study of Pickett et  al. [17], 
it is proved that the use of the Tele-CIMT rehabilitation 
system reduced patients’ travel to rehabilitation centers, 
reduced patients’ feelings of isolation and improved their 
quality of life. It is important for us to know that quality 
of life is not just a dimension that can be easily improved 
and enhanced. Quality of life, defined as the quality of life 
affected by the disease, is a multidimensional measure that 
includes physical, social, and emotional health [92]. There-
fore, these three dimensions should be considered when 
using telerehabilitation. Also, Some studies have shown 
that upper limb function, mental health, and participation 
in leisure activities are key variables that affect and enhance 
the quality of life [92]. Therefore, if we use special interven-
tions such as game-based virtual reality and robot-assisted 
therapy along with telerehabilitation, the upper limb func-
tion, mental health, and participation in leisure activities 
can be improved [92, 93]. Game-based virtual reality and 
robot-assisted therapy technologies can increase patients’ 
motivation and desire to perform therapeutic exercises [32, 
94, 95], perform repetitive and long exercises easily [96], 
reduce the time required to perform therapeutic exercises 
[97], increase the patient’s independence in performing 
therapeutic exercises [97–99], and increase adherence to 
rehabilitation exercises [100]. Finally, these technologies 
can help improve the quality of life of patients with upper 
extremity disabilities. Levy et al. [101] evaluated functional 
outcomes, health-related quality of life (HRQoL), and satis-
faction in a group of veterans through a home video-based 
telerehabilitation program. Assessments showed significant 
improvements in functional independence, Montreal Cog-
nitive Assessment (MOCA), two-minute walk test, Veter-
ans RAND 12-ItemHealth Survey (VR-12), and HRQoL. 
In addition to providing rehabilitation exercises through 
the telerehabilitation system, the therapist should be able 
to provide teleconsultation services to patients to improve 
the mental health status of the patient. Larson et al. [102] 

also believe that increasing patients’ access to symptom 
management and emotional support services may lead to 
patients taking a more active role in their healthcare and 
could improve patient outcomes, including overall quality 
of life. Larson et al [102] Moreover, the patient’s sensation 
of control may be strengthened if the patient is invited to 
participate in setting realistic goals for outcomes in reha-
bilitation. This suggests that working with patients to set 
goals for recovery and self-care may improve adherence to 
these goals over time and improve quality of life. Failure to 
adhere to lifestyle changes and desired goals at the end of 
a rehabilitation program is a well-known problem in reha-
bilitation [103]. Another important issue worth pointing 
out is that the cultural and religious factors could signifi-
cantly affect the level of quality of life, so both factors must 
be considered in telerehabilitation systems to improve the 
quality of life [104].

“Increasing the total exercise time” was the only 
negative outcome identified in our study [16]. This out-
come is discussed below.

•	 Increasing the total exercise time

A study by Kuttuva et  al. [16] showed that the use of 
telerehabilitation increased total exercise time (up 28%). 
In this study, a 56-year-old male with right hemi-paresis 
underwent telerehabilitation for 3 days/week for 12 ses-
sions. It seems that if this study had been performed 
with larger sample size and longer intervention time, 
another result might have been obtained. Tabak et  al. 
[105] argued that if sample size and intervention time 
were not sufficient in a telerehabilitation study, the main 
effect of the intervention might not be properly apparent. 
For example, they believed that four weeks of interven-
tion and 30 participants were not enough to estimate the 
duration of exercise, establish changes in activity behav-
ior, investigate the treatment effects, or detect exacerba-
tions. Therefore, future studies are proposed with a larger 
sample size and long intervention time, which analyze 
treatment effects and compliance on both the short- and 
long-term. The effects of the telerehabilitation systems 
maybe be various in the long-term follow-up [106]. As a 
result, evidence of health benefits from long-term patient 
follow-up is significant enough to be included in the total 
exercise increase time with telerehabilitation.

Limitations of the study
There were a few limitations in this review. In this study, 
only studies in English were reviewed; if a study was 
published in a language other than English, we did not 
review it. However, the present study is the first scop-
ing review to examine the outcomes of telerehabilitation 
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for upper limb disabilities; therefore, the results of this 
study can serve as a basis for further studies. Also, to 
find related studies, we searched three scientific data-
bases, Scopus, PubMed, and Web of Science. As a result, 
future studies should be conducted on a larger num-
ber of databases in order to obtain more comprehen-
sive results. Furthermore, we did not perform a critical 
appraisal of individual sources of evidence in this study; 
this limitation should be considered in future studies.

Conclusion
According to this review, telerehabilitation technology 
is a valuable treatment option in the recovery process 
for upper limb disabilities, and it has the potential to 
become a quality rehabilitation services delivery model. 
Furthermore, this technology is a viable alternative reha-
bilitation approach for upper limb disabilities, as well as 
a potentially effective tool for increasing positive behav-
ioral change in upper limb disabilities toward a more 
physically active lifestyle. It should also be noted that the 
different aspects of telerehabilitation technology identi-
fied in this study can be used to design and implement 
telerehabilitation systems for other disabilities.
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